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FA bR ICATION OF THIN FILM MACNE TIC GARNET STR UC TU }tFS
FOR I NT RA-C AVIr y  LASFR APPLICATIONS

F . C . Wh itcomb ai~ R. P. Henry .
\ .

~~~ Rockwell Inte rna tional, Anahe im , (‘A 92503

\H STRAC T

Garnet coni posit ion~ “ t n: t lar  to those use l for bubble Selection of the ferrimagnet ic garnet to he usc i in
domain materials have been used P fabricate ferrimagnetic Cither ease is dictated by the magnetic and magneto-optical
nonrect~ rocal devices for ring lase r gyro biasing at requirements of the device. The modulation requirements
1. l~ 2 ptt~ Suc h b y  i ces are used Inside an act ive laser of the faraday elements limit the saturation magnetization
cavity , Therefore precise control ot the optical and physical to less than 2 (s’ . The magneto-optical requirements of the
thickness c t  the films Is required. Two concepts of garnet at I. l~ 2 pm are:
Faraday .‘lep c ntc have been demonstrated and new material Insertion loss <o.a ’~and fabr ication techniques hate been developed to imple- Magneto-optic Figure 1 Merit > tiO dog
ment them. Operating Faraday element s wIth 0.5 percent The ferrimagnetic garnet chosen for use in the simple
tn”ertion loss have been prcxiuced.~~~~ structure of Figure 1 was (Y ItI)’t tFeGat-f) l 2. Films of this

n ater i~ l uer.’ grown hs’ I PE using a Hi — K20INT RODI C11CN flux. 131 FIlm d eposition was conducted over a temperature
range of 790 to ‘l O t . . Properties of a typical film of this(tnt. of the problems that ha. been encountered in using composition used for a Faraday element are given in

ring lasers is inertial gy roscope s is that phase—locking Table I for I. Li ~~m.occurs for sn:al l angular veloc ities and hence the usual Table I indicates that the absorp t ion coefficient of this
linear relation between mode-splitting and rotation rate is material is ve ry low . This is an extreniel~ important point
invali d. Present state—of- the-art solutions to this Problem as it was oiccc ’ rvecl that the abso rption coeff icients of most
involve either introducing a real oscillating bias (mechani - garnet compositions with high bismuth substitution were
cal dither or the use of a nonreciprocal magnetic element. rarely lower than ‘too cm 1 at I. l 2  pm. The use of Ca 2
This paper describe s the fabrication of thin film garnets for uas reported to he effective in reducing optiçp,l absorption
use as a nonreci proca l magnetic elen-ent at 1.Li2 pm. in garnet s grown from Pbo:PhF.c:1320.1 flux. 14’ We have
Such a device is unique as it is used inside of an active used this charge compensation mechanism to reduce the
laser c av i t y .  However , such utilization places extremely absorption in t’pitaxial films of n h )  (FeCa)~ O12 and
tight tolerances on all of the material parameters. The (YBi)3(FeA l)3(t.~ grown from Iti9O.p~~~O fluxes. liv
remai nder of this paper will he devoted to describing the varying the (u~ content of the melt we found that could
types of structures produced as Faraday elements and the be varied from 410 cm 1 to - 10 cm l. Thc lowest values
fabrication techniques Involved, o f ,  were achieved with 1 x 1O~~ mole percent CaC( ~ in the

melt. It was also found that additions of (:1( 03 in excess
Faraday Elements of 2 x t0 3 mole percent caused the optical absorption to

increa.se again to >300 cm~~ .Two approaches to the development of Faraday ele-
ments wi ll he presented in this paper. Both concepts are
based on the unique use of thin film epitaxial garnet struc-
tures produced by liquid phase epitaxy (LPE). 11] TABLE t

One of the structure s produced as a Faraday element
involves the use of a half wave of a suitable ferrimagnetic Index of Refraction 2.19
garnet and two quarter waves of MgF2. This configuration Film Thickness -3 pmis shown in Figure 1. The second type of structure looks
more complicated but is actually easier to produce. 121 it Saturation SwitchIng Field <10 Oc
consists of two epitaxial garnet antireflection coatings , Speci fic Farada~ Rotation 200 deg Cmeach a quarter wave of a paramagnetic garnet , a multiple
quarter wave of the appropriate ferrtmagnettc garnet , and Absorption Coefficient <10 c m l
a quarter wave of ?ilgF2. This structure Is shown in Lattice Misfit 0.003 AFigure 2.

The multilaye r garnet structure usesi m r  the second
Mg~~ —4 N GGG MSF2 concept of the Faraday element required development of an

epitax ial garnet anti-reflection coat ing. The IPE garnet
sy s tem chosen for this effort was (YC.d)3(FeGa)~1Oj 2 , We
fou nd that by varying the iron to gallium ratio and the ra re
earth content of the 1.PE melt we could readily v ary  the
refractive index of th is material from 2.0 to 2.12 wh ile

Fig. 1. Structu re of a doubl e layer Faraday element maintaining an acceptabl e lattic e mismatch betwee n the
film and substrate. Figure 3 is a graph of index of refrac-
tion o f (Y Gd)3(FeGa)5012 versus galliu m content of the film.AS A S AS AS Having demonstrat ed that the index of the garnet coul d inI fact be selected at will within thi s range , we then addressed1 the problem of grow ing very thin uniform films of theI material. Calculations indicatçd that the kR coatingsI 

~ ______ 
would have to be between 1000 A and 2000 A thick. This•2 

~~

‘ presented problems with accurate flInt measurements as
well as film growth techniques. We found that convent ion$~ellipsometry techniques employing a He-Ne laser were use-
ful in determination of the film indic.s hut the sample
preparation necessary to use this method prevented its use
for determining the film thicknesses of multilayer garnet

Fig. 2. Structure of a four laye r Faraday element, structure.. I 51
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Figure I is a spectrop hotomoter trace of a wafe r

r 

which contains both an AR-coated garnet fl Int and the sante

\

\ 

garnet flint without an Interf,,r’ial .~ II — ct ;t t i ng . This a as
mack ’ Icy fi rst depositing the t~- i cc  Aft-coating film, etching

0 GALLIUM CONTENT OF FILM one’ ha lf ci the water with bitt phosphoric acId and then
220 DEDUCED ROM depositing thick magnetic garnet film onto the’ wafer. The

trace for the c\H-coated half ix shc,wn In Figure la and that
f c c r  the single thick iavc c -  film is shown in Figure It ,. The
important point of comparison of these tr : ,t-ox is the change
in intensity M, of the heats It l .2 ~i pm. Fig: c is a

C 2 15 prcc g rc-ss c c ’  scqtlen (-e cf sçx’ctrnpbotoncetrv tr:. c-es showing
the in r.’asp in the transmission efficiency of the multi ple
l i ve r  garnet st rc c c - hc ri le sc ri I c i  in Table II is it was A R
coated with Mgl ’~ . l’he structure of this Faraday element
is shown in I igi .‘ 2. ThIs clement c’ c cnsi.S t s cl :, duplicate

2 10 — xl rccc ture on both sl ips of the sulcatrate as compared to the
single garnet film s hcc ’,sn in Figure 1.
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z
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I ~cn g t r a n s n : i s s i c c n  .spectrophotornetre , we tier, ’ :,)cI,- 
WAV ELENGTH A MIto use quarter wave phenom ena to determine opt ical thi ck -

ness of v e r y  thin Rl~~x Is well as I determine the trans-
mission coemci ents c f  lb. completed Faraday clcmenis . - — - -

The garnet film depositions for the “.11 coating s were
made using Ph(I-B003 flux in the’ temperature range’ 9~() tcc
920 ( .  The films were grown at rates from 0.2 pm min. -
to 0, pOd m m . .  from an I l’E flux system containing -

Y 2’kt . (;d203, li-V )3.( Z1” 0, Ph() and 8201 wIth mole
percents of 0.14, 0.14, :15 2, l.~~7, 55 .29 and ~.74 _______________
respectively. It was found that film deposition rates below - ~~ h4u. IV 

- ________

0,3 pm 1min. were not useful p. the’ indices from film t~film wer e- not constant; the refore accurate thicliness deter- - Ills
mination was diffi cult. i sing automated film growth equip- - InC 0 .- ~men t , with 0 . 1  sec control on the s c, t cs t r a t . -  emersi9n 3 

~~~~~~~~~~ - -
sequence, it was possible to grow films within iio A of the
desired film thickness of l2”iO A. JIi1’IFIGAIIO$

The fer rtmag netl c garn et film ,cel,’cle’cI for use in this
case was (Yia)3(FeGa)5012. This stst . -n ,  was selected to
avoi d potential prc lclems wit h a magneti c com pens ation I,
poi nt and high unia.cial anl sot ropy associated with elements -
such as gadolinium when M5 is -‘0. The properties of $IST$I$V~LOR,’$~*Lasi,,fl COIf
typica l Faraday element produced in thi s mode are listed I$.L *YAI L sad e~~f lgma

-— 
TAi ll 

-. - - fr 
_ _ _ _ _ _

index cf Refraction 2.11 
- ___________

Fi lm Thickness ~‘3 pm

Saturation Switch ing Field ~ 10 Oe

Specific F iratIa~ Rotation 200 deg/cm ~ - -‘. l
à
,

A bsorp t ion (‘oefflc ient 10 cm _ I 
~~~ 4. TransmIs s ion spectra showing the effect of AR

Transmiiisi on (‘ oeffl c’ie’nt >0 .995 coatIng a film of m.a 3 f’eGa sOj2 with a pnramagnetic
___________  _____ _____ 

garnet .
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laser gyros , the cnti- rc flection and absorption loss
- - - mini mi ration concepts are appli(-:iI)li- to s.’ve r:II other

— 
intr:i -cavi i~ devi ces that couid be n :,de using thin film
garnets , such is modulators and stripe d omain phase

- 
The authors ~~~~~~~~~~~ firunakill for

deposition of the magnesiunc fluoride coatings on the Fara-
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